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(54) Silica reinforced rubber composition and tire with tread 

(57) The present invention relates to a silica rein- 
forced rubber composition and to pneumatic tires hav- 
ing treads comprised of the silica reinforced rubber 
compositions. 

The silica reinforced rubber composition comprises 
at least one elastomer, silica, a silica coupler, a hydro- 
phobating agent and, optionally, carbon black. 
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This invention relates to rubber compositions which are quantitatively reinforced with silica In one aspect the rub- 
ber composition is comprised of rubber, particularly sulfur curable, or cured, rubber, reinforced with a combination of 
silica, silica coupling agent, hydrophobating agent and, optionally, carbon black. 

Background 



For various applications utilizing rubber which require high strength and abrasion resistance, particularly applica- 
tions such as tires and various industrial products, sulfur cured rubber is utilized which contains substantial amounts of 
reinforcing fillers. Carbon black is commonly used for such purpose and normally provides or enhances good physical 
properties for the sulfur cured rubber. Particulate silica is also often used for such purpose, particularly when the silica 
is used in conjunction with a coupling agent In some cases, a combination of silica and carbon black is utilized for rein- 
forcing fillers for various rubber products, including treads for tires. The use of such reinforcing fillers for elastomers 
including sulfur curable elastomers, is well known to those having skill in such art. 

It is important to appreciate that, conventionally, carbon black is a considerably more effective reinforcing filler for 
rubber products, and particularly for rubber tire treads than silica if the silica is used without a coupling agent or silica 
20 coupler as it may be sometimes referred to herein. 

Often coupling agents are composed of a silane which has at least one first constituent component or moiety 
(such as a silane portion) capable of reacting with the silica surface and. also, an additional moiety capable of interact- 
ing with the rubber, particularly a sulfur vulcanizable rubber which contains carbon-to-carbon double bonds or unsatu- 
rate. Usually the additional moiety is sulfur in a form of a polysulfide and particularly a polysulfide bridge between said 
first moieties. In this manner, then the coupler acts as a connecting bridge between the silica and the rubber and 
thereby enhances the rubber reinforcement aspect of the silica. 

The rubber-reactive group component, namely the said additional moiety, of such coupler may be. for example, one 
or more of groups such as mercapto. amino, vinyl, epoxy, and sulfur groups, preferably a sulfur or mercapto moiety and 
more preferably sulfur in a form of a polysulfide as a polysulfide bridge between at least two of said first moieties 

Numerous of such coupling agents are taught for use in combining silica and rubber such as. for example silane 
coupling agents containing a polysulfide component, or structure such as. for example, trialkoxyorganosilane 
polysulfides such as. for example. bis-(3-trialkoxysilylorgano) polysutfides. containing from about 2 to about 8 sulfur 
atoms in a polysulfide bridge such as. for example, bis-(3-triethoxysilylpropyl)tetrasulfide and/or trisulf ide. 

Various U.S. patents relating to silicas and silica reinforced tire treads include, for example U S Patents Nos 
35 3.451 .458; 3.664.403; 3.768.537; 3.884.285; 3.938.574; 4.482,663; 4.590.052 and 5.089,554. 

In one aspect, and in contrast to the aforesaid rubber reactive silica coupling agents, other silica-reactive materials 
might be utilized to interact with the silica which have only one constituent component, or moiety, and which is capable 
of reacting with the silica surface. Such materials are not readily reactive with the rubber so that they do not readily pro- 
mote interaction between the silica and the rubber. Therefore, by itself, such material is not considered herein to enable 
40 the silica to satisfactorily reinforce the rubber. 

The term "phr" if used herein, and according to conventional practice, refers to "parts of a respective material per 
100 parts by weight of rubber, or elastomer". 

In the description of this invention, the terms "rubber" and " elastomer if used herein, may be used interchangeably 
unless otherwise prescribed. The terms "rubber composition", "compounded rubber" and "rubber compound", if used 
herein, are used interchangeably to refer to "rubber which has been blended or mixed with various ingredients and 
materials" and such terms are well known to those having skill in the rubber mixing or rubber compounding art. 

Summary and Practice of the Invention 

In accordance with this invention, a rubber composition is provided which comprises (A) 100 parts by weight of at 
least one diene-based elastomer. (B) about 30 to about 120. alternatively about 60 to about 120. and optionally about 
45 to about 90. phr particulate reinforcing filler composed of precipitated silica and carbon black, comprised of about 30 
to about 1 10, alternatively about 35 to about 85 or about 55 to about 1 10. phr of precipitated silica and correspondingly 
about zero to about 50, alternatively about 5 to about 40 or about 5 to about 20. phr of carbon black, wherein the weight 
ratio of silica to carbon black is at least about 1/1 and alternatively at least about 2/1 and alternatively at least 10/1 (C) 
at least one silica coupler having a moiety reactive with said silica and a moiety interactive with said elastomer(s) (D) 
about 0.5 to about 10. alternatively about 0.5 to about 5 phr of a silica-reactive, silane-containing hydrophobating agent 
It is an important feature, of this invention that a relatively highly silica loaded elastomer composition is provided 
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which*o>ntains ( the silica-reactive, alkylalkoxysilane hydrophobating agent together with the silica coupler. 

The term "hydrophobic" conventionally relates to "materials which are antagonistic to water" and, thus, incapable 
of dissolving in water. The term "hydrophilic" conventionally relates to "materials which have a strong tendency to bind 
or absorb water". Water is normally considered to be a polar substance, as is silica, whereas rubber is normally consid- 
5 ered to be non-polar in nature. 

The term "hydrophobating" is used herein to mean "rendering less polar, and less hydrophilic. through chemical 
conversion of the polar, hydrophilic functional groups to more non-polar, hydrophobic composition". 

By the term "silica-reactive hydrophobating agent" it is meant herein that "the alkoxysilane units of the agent react 
with silanol groups at the silica surface" and, thus, chemically combine with the silica as also does the silane component 
10 of the silica coupler. An alkyl hydrocarbon functional ized hydrophobic silyl group is, thus, placed on the silica surface in 
place of the silanol group. While it is recognized that both the silica coupler (the silane moiety of the coupler) and the 
hydrophobating agent compete for the silanol groups on the silica surface, only the silica coupler, namely the aforesaid 
additional moiety such as, for example, a polysulf ide bridge, has reactivity with the elastomer. 

Because both the silane moiety of a si lane-containing silica coupler and the hydrophobating agent are reactive with 
and, thus, compete for the silanol groups on the surface of the silica, it is important that the hydrophobating agent be 
added to the silica concurrent with or subsequent to the silica coupler. As a result, while the precise mechanism, or 
result, may not be completely known, it is considered herein that the hydrophobating agent exerts a synergistic benefit 
to the silica coupler, but does not replace its use. 

In the practice of this invention, then, the rubber composition is preferably prepared by (a) thermomechanically 
working and mixing, in the absence of any sulfur or sulfur donor except as may be contained in the said silica coupler, 
and said alkyl alkoxy silane, a mixture comprised of said diene-based elastomer(s), precipitated silica, carbon black if 
used, and silica coupler with a mechanical mixer in at least one sequential mixing stage to a maximum temperature in 
a range of about 140°C to about 1 90°C, and for a duration of time, upon reaching said maximum temperature range, of 
up to about 8, preferably about 0.5 to about 5, minutes followed by (b) mixing the said alkyl alkoxy silane therewith in 
25 the same mixing stage as and at least one minute after the silica and the silica coupler have been mixed with the rubber 
composition, or in a subsequent mixing stage, in the absence of any sulfur or sulfur donor except as may be contained 
in said silica coupler, with a mechanical mixer in at least one mixing stage to a maximum temperature in a range of 
about 1 40°C to about 1 90°C and for a duration of time, upon reaching said maximum temperature range, of up to about 
6, preferably about 0.5 to about 5, minutes, followed by (c) mixing therewith, in a subsequent mixing stage, curative(s) 
30 including sulfur with said mixture with a mechanical mixer for about 0.5 to about 4, preferably about 1 to about 3, min- 
utes to a temperature of about 90°C to about 1 20°C. 

Preferably, the rubber mixture is cooled to a temperature below about 60°C, preferably below 40°C. between each 
of the aforesaid mix stages. 

It is to be appreciated that in the above referenced mixing steps, or stages, the conventional time for the rubber mix- 
ture to reach the aforesaid maximum temperature range for stages (a) and (b) usually about 2 to about 3 minutes, which 
»s somewhat dependent upon the initial temperature of the rubber mixture as it is introduced as well as the nature of the 
rubber composition itself, and such time would be simply added to the period of time required for the maximum temper- 
ature range to arrive at the total mixing times. In mixing stage (c), the time for the rubber mixture to reach the said max- 
imum temperature range is normally much shorter, such as, for example about a half to one minute. Also it should be 
pointed that the time is recited for stage (c) in terms of the period of time for the temperature to reach a temperature 
within the said temperature range as the heat generated during the mixing of the rubber mixture causes the rubber com- 
position's temperature to rise. 

Thus, the said alkyl alkoxy silane may be added and mixed with the rubber composition in the same non-productive 
mixing stage as the silica and silica coupler so long as it is added at least one minute after the silica and silica coupler 
45 have been added and mixed with the rubber composition. 

The term "non-productive mixing stage" refers to mixing stage(s) in which rubber compounding ingredients are 
mixed exclusive of sulfur and sulfur curatives such as accelerators, and in this case except for any sulfur source which 
may be contained in an organosilane polysulfide based silica coupler. 

Alternatively, the said alkyl alkoxy silane may be added and mixed with the rubber composition in a subsequent, 
non-productive, mixing stage (b). 

In another alternative, the said alkyl alkoxy silane is added and mixed in mixing stage (c) with the rubber mixture 
together with the sulfur instead of adding to and mixing with the rubber mixture in mixing stage (b). 

In another alternative, the said alkyl alkoxy silane is added to and mixed in both mixing stage (b) and in mixing 
stage (c) with the rubber mixture. 

The silica-reactive hydrophobating agent can be more particularly described as an alkylalkoxysilane of the general 
formula: R n (R O) m Si where R and R' are individually selected from the group consisting of primary, secondary and ter- 
tiary alkyl radicals and alkaryl radicals having 1-30 carbon atoms; n and m are whole integers from 1-3 such that the 
sum of n and m is 4. 
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ical. 



Preferably. FT is a radical containing from 1 to 3. more preferably 1 or 2. carbon atoms. Preferably FV is an alkyl rad- 

Preferably R is a radical containing from 1 to 20 carbon atoms wherein at least one R is a radical containing from 
6 to 20 carbon atoms. Preferably R is an alkyl radical. In one preferred embodiment only one R contains from 6 to 20 
carbon atoms and the remainder of the R radicals, if any, contain from 1 to 3 carbon atoms 

Therefore, preferably at least one R is much larger than an R* contained in the alkoxy groups of the silane in terms 
of containing considerably more carbon atoms. 

Representative examples of primary alkyl radicals are those selected from at least one of methyl ethyl propyl 
octyl. n-octadecyl, and n-hexadecyl. Representative examples of secondary alkyl radicals are those selected' from at 

T I !° pr °P yl ' sec - butvl - Representative examples of tertiary alkyl radicals are those selected from at least one 
of tert-butyl, dimethylbutyl. 

It is the alkoxysilane moiety of the hydrophobating agent that is reactive with the surface of the precipitated silica 
which is usually the silanol groups on the surface of the silica. 

Representative, although not intended to be limitative, of various hydrophobating agents are. for example methyl 
tr.ethoxys.lane. propyl triethoxysilane, n-octyl triethoxy silane. n-hexadecyl triethoxysilane, dimethyl diethoxysiiane n- 
octadecyl tnmethoxysilane, n-octadecyl triethoxysilane, and methyl n-octyl diethoxysiiane. 

Preferably, the hydrophobating agent is an alkyl alkoxysilane selected from at least one of n-octyl triethoxysilane 
n-hexadecyl tnethoxysilane, n-octadecyl trimethoxysilane. n-octadecyl triethoxysilane. and methyl n-octyl diethoxysi- 
one. 

In the practice of this invention, it has been observed that the addition of the aforesaid silica hydrophobating agent 
to the rubber s.lica composition, which contains the silica coupler, results in not only improved processing characteris- 
tics, such as reduced viscosity, but also improved cured performance of the vulcanized rubber composition which con- 
tains the silica. silane-containing silica coupler and silane-containing hydrophobating agent. Cured elastomer physical 
properties such as. for example, one or more of abrasion resistance, high modulus, rebound and low temperature hys- 
teresis have been observed to be improved through use of the hydrophobating agent. This is considered herein to be 
benef .cial because tire treads having such properties are anticipated herein to thereby provide one or more of improved 
treadwear, rolling resistance and traction. 

Various hydrophobating agents have hereinbefore been used for various purposes in various elastomeric compo- 
sitions such as. for example, silica reinforced rubber compositions as viscosity modifiers and processing aids 

It is considered herein that this invention is a departure from such prior practice. In this invention, a silica hydropho- 
bating agent containing a silane moiety used in combination with a silica coupler, which also contains a silane moiety 
in a substantially silica reinforced rubber composition is believed to be novel. Further, in practice, a unique synergistic 
performance has been observed which was not observed by use either the silica coupler or the hydrophobating agent 
by itself in a silica reinforced elastomer composition. 

While various silica couplers can be used, a preferred coupler is a bis-(trialkoxysilylalkyl) polysutfide containing 
from 2 to about 8 sulfur atoms in the polysulfide bridge as hereinbefore mentioned. For example, the silica coupler can 
be b.s-(3-triethoxys.lylpropyl) tetrasuffide having an average of about 4 sulfur atoms in its polysulfide bridge or in an 
alternative, a polysulfide having about 2 sulfur atoms in its polysulfide bridge. 

In one aspect, a bis (triorgano-oxysilylorgano) polysulfide is contemplated for said silica coupler which may be 
selected from the aforesaid bis (trialkoxysilylalkyl) polysulfide and also bis (monoaryldialkyloxysilylalkyl) polysulfide 
wherein one of more of said alkyl groups can be a cycloalkyl group. 

In one important embodiment, said the polysuf idic bridge of said silica coupler can contain an average of about 2 1 
to about 3 connecting sulfur atoms wherein about 55 to about 90. preferably about 65 to about 85. percent of the sulfur 
atoms are a bridge of two sulfur atoms. 

Representative examples of such organosilane polysulfide silica couplers are. for example 
2,2--bis(trimethoxysilylethyl) polysulfide; 3.3--bis(trimethoxysilylpropyl) polysutfide; 3.3--bis(triethoxysilylpropyl) 
polysutf.de: 2.2--bis(triethoxysilylethyl) polysulfide: 2.2'-bis(tr.propoxysilylethyl) polysulfide: 2.2--bi(tri-sec-butoxysilyie- 
thyl) polysulf.de: bis(triethoxysilylethyltolyl) polysutfide: bis(trimethoxysilylethyltolyl) polysulfide- 2 2--bis(2-ethylhexox- 
ysiylethyl) polysutf.de: 2.2 , -bis(dimethoxy ethoxysilylethyl) polysutfide: 3.3--bis(methoxyethoxypropoxysilylpropyl) 
polysutf.de; 3.3 -bis(methoxy dimethylsilylpropyl) polysulfide; 3.3--bis(cyclohexoxy dimethylsilylpropyl) polysutfide 4 4"- 
b.s(tr.methoxysilylbutyl) polysutfide; 3.3-bis(trimethoxysilyl-3-methylpropyl) polysutfide: 3.3--bis(tripropoxysilyl-3-meth. 
ylpropyl) polysulfide; 3.3-bis(dimethoxy methylsilyl-3-ethylpropyl) polysulfide; 3.3--bis(trimethoxysilyl-2-methylpropyn 
polysutf.de; 3.3--bis(dimethoxyphenylsilyl-2-methylpropVl) polysutfide; 3.3'-bis (trimethoxysilylcyclohexyl) polysutfide 
12.12 -bis (trimethoxysilyldodecyl) polysutfide; 12.12'bis (triethoxysilyldodecyl) polysutfide; 18.18--bis (trimethoxysily- 
loctadecyl) polysulfide. 18.18'-bis (methoxydimethylsilyloctadecyl) polysutfide; 2.2-'-bis (trimethoxysilyl-2-methylethyl) 
polysutf.de: 2.2'-bis (triethoxysilyl-2-methylethyl) disulfide: 2.2-bis (tripropoxysilyl-2-methylethyl) polysulfide- and 2 Z- 
b.s(trioctoxysilyl-2-methylethyl) polysulfide. 

Conventionally, a weight ratio of silica coupler to silica is in a range of about 0.01/1 to about 0.25/1 
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In practice, a molar ratio based on silane functionality of silica hydrophobating agent to silica coupler is in a range 
of about 0.1/1 to about 2/1 alternatively, a molar ratio of about 0.3/1 to about 1/1, is preferred. 

In one aspect of the invention, the rubber composition contains a combination of both silica and carbon black as 
elastomer reinforcing pigments with the reinforcing filler being predominately silica. 
5 The rubber composition itself can also be provided as being a sulfur cured composition through vulcanization of the 

uncured elastomer composition. The sulfur curing is accomplished in a conventional manner, namely by curing under 
conditions of elevated temperature and pressure for a suitable period of time. 

Further, and in accordance with this invention, a tire is provided having a tread of the rubber composition of this 
invention. 

w The said curatives for the process are curatives conventionally used for sulfur curable elastomers which typically 

include sulfur and one or more appropriate cure accelerators and sometimes also a retarder. Such curatives and use 
thereof for sulfur curable elastomer compositions are well known to those skilled in the art. 

Further, sequential mixing processes for preparing sulfur curable rubber compositions in which elastomers and 
associated ingredients exclusive of curatives are first mixed in one or more sequential steps followed by a final mixing 
75 step for adding curatives are also well known to those skilled in the art. 

In the practice of this invention, as hereinbefore pointed out, the rubber composition is comprised of at least one 
diene-based elastomer, or rubber. Such elastomers are typically selected from homopolymers and copolymers of con- 
jugated dienes and copolymers of conjugated diene(s) and vinyl aromatic compound. Such dienes may, for example, 
be selected from isoprene and 1 ,3-butadiene and such vinyl aromatic compounds may be selected from styrene and 
20 alphamethylstyrene. Such elastomer, or rubber, may be selected, for example, from at least one of cis 1 ,4-poly isoprene 
rubber (natural and/or synthetic, and preferably natural rubber), 3,4-polyisoprene rubber, styrene/butadiene copolymer 
rubbers, isoprene/butadiene copolymer rubbers, styrene/isoprene copolymer rubbers, styrene/isoprene/butadiene ter- 
polymer rubbers, cis 1 ,4-polybutadiene rubber, trans 1 ,4-polybutadiene rubber (70-95 percent trans), low vinyl poiyb- 
utadiene rubber (10-30 percent vinyl), medium vinyl polybutadiene rubber (30-50 percent vinyl) and high vinyl 
25 polybutadiene rubber (50-90 percent vinyl). 

In one aspect, particularly for a tire tread, the rubber is preferably of at least two of diene based rubbers. For exam- 
ple, a combination of two or more rubbers is preferred such as cis 1.4-poly isoprene rubber (natural or synthetic, 
although natural is preferred), 3,4-polyisoprene rubber, styrene/isoprene/butadiene rubber, emulsion and/or solution 
polymerization derived styrene/butadiene rubbers, cis 1 ,4-polybutadiene rubbers and emulsion polymerization pre- 
30 pared butadiene/acrylonitrile copolymers. 

In one aspect of this invention, an emulsion polymerization derived styrene/butadiene (E-SBR) might be used hav- 
ing a relatively conventional styrene content of about 20 to about 28 percent bound styrene or, for some applications, 
an E-SBR having a medium to relatively high bound styrene content, namely a bound styrene content of about 30 to 
about 45 percent. 

35 The relatively high styrene content of about 30 to about 45 for the E-SBR can be considered beneficial for a pur- 
pose of enhancing traction, or skid resistance, of the tire tread. The presence of the E-SBR itself is considered benefi- 
cial for a purpose of enhancing processability of the uncured elastomer composition mixture, especially in comparison 
to a utilization of a solution polymerization prepared SBR (S-SBR). 

By emulsion polymerization prepared E-SBR, it is meant that styrene and 1 ,3-butadiene are copolymerised as an 
40 aqueous emulsion. Such are well known to those skilled in such art. The bound styrene content can vary, for example, 
from about 5 to 50%. In one aspect, the E-SBR may also contain acrylonitrile to form a terpolymer rubber, as E-SBAr! 
in amounts, for example, of about 2 to about 30 weight percent bound acrylonitrile in the terpolymer. 

Emulsion polymerization prepared styrene/butadiene/acrylonitrile terpolymer rubbers containing about 2 to about 
40 weight percent bound acrylonitrile in the copolymer are also contemplated as diene based rubbers for use in this 
45 invention, particularly if used in combination with other diene-based elastomers. 

The solution polymerization prepared SBR (S-SBR) typically has a bound styrene content in a range of about 5 to 
about 50, preferably about 9 to about 36. percent. The S-SBR can be conveniently prepared, for example, by organo 
lithium catalyzation in the presence of an organic hydrocarbon solvent. 

A purpose of using S-SBR may be to promote a reduction in tire rolling resistance as a result of lower hysteresis 
so when it is used in a tire tread composition. 

The 3.4-polyisoprene rubber (3,4-PI) is considered beneficial for a purpose of promoting the tire's traction when it 
is used in a tire tread composition. 

The 3.4-PI and use thereof is more fully described in U.S. Patent No. 5,087,668 which is incorporated herein by ref- 
erence. The Tg refers to the glass transition temperature which can conveniently be determined by a differential scan- 
55 ning calorimeter at a heating rate of 10°C per minute. 

The cis 1.4-polybutadiene rubber (BR) is considered to be beneficial for a purpose of promoting the tire tread's 
wear, or treadwear. 

Such BR can be prepared, for example, by organic solution polymerization of 1 ,3-butadiene. 
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The BR may 6e conveniently characterized, for example, by having at least a 90% cis 1 ,4-content 
The cis 1.4-polyisoprene and cis 1 ,4-polyisoprene natural rubber are well known to those having skill in the rubber 

an. 

Th e vulcanized rubber composition should contain a sufficient amount of reinforcing filler(s) namely the orecioi- 
tated s.l.ca. and carbon black if used, to contribute a reasonably high modulus and high resistance to tear for the cured 
rubber composition. The combined weight of the silica and carbon black, as hereinbefore referenced, may be as low as 
about 30 parts per 100 parts rubber, but is preferably from about 45 to about 90 parts by weight 

In pract.ce .t is preferred that a major portion of the reinforcing filler is silica where both silica and carbon black are 
used as such filler. 

The commonly employed siliceous pigments used in rubber compounding applications can be used as the silica in 
feared °"' Pyogenic and precipitated siliceous pigments (silica), although precipitated silicas are pre- 

k iC r US P ^ mentS pre,erab| y ^Ployed in this invention are precipitated silicas such as. for example those 
obtained by the acdrf.cat.on of a soluble silicate, e.g.. sodium silicate, generally exclusive of silica gels 
n„*£j? m ' 9ht b f * aracterized - ,or exam P ,e - bv "aving a BET surface area, as measured using nitrogen gas 

- ZlTso i^oTT^O) meaSUrm9 S ^ ' S d6SCribed ln me J °^'^^ American ChemiC.Wty 

20 abouM oo'loS in° bS J 9icaliy chara <*erized by having a dibutylphthalate (D8P) absorption value in a range of 
20 about 1 00 to about 400. and more usually about 1 50 to about 300. 

The silica might be expected to have an average ultimate particle size, for example, in the range of 0 01 to 0 05 
m.cron as determined by the electron microscope, although the silica particles may be even smaller, or possibly larger. 

Various commercially available silicas may be considered for use in this invention such as. only for example herein 
and without l.m.tat.on. silicas commercially available from PPG Industries under the Hi-Sil trademark with designations 
i I T' S available from Rhone-Poulenc. with, for example, designations of Zeosil 1 165MP and silicas avail- 
awe from Degussa AG with, for example, designations VN2 and VN3, etc. 

It is readily understood by those having skill in the art that the rubber composition would be compounded by meth- 
ods generally known .n the rubber compounding art. such as mixing the various sulfur-vulcanizable constituent rubbers 
with various commonly used additive materials such as. for example, curing aids, such as sulfur, activators, retarders 
and accelerators. process.ng additives, such as oils, resins including tackifying resins, silicas, and plasticisers fillers 
pigments, fatty acd z.nc oxide, waxes, antioxidants and antiozonants. peptizing agents and reinforcing materials such 
as. for example, carbon black. As known to those skilled in the art. depending on the intended use of the sulfur vulcan- 
35 ve^onaTamountr 103 "^ 611 matenal (mbberS) ' 8,9 additives mentione d ^ove are selected and commonly used in con- 
Typical amounts of reinforcing type carbon Wacks(s). for this invention, if used, are hereinbefore set forth It is to be 
appreciated that the s.lica coupler, and/or the silica hydrophobating agent, may be used in conjunction with a carbon 
• mS u pre _" m,xed with a cart5on black prior t0 addition to rubber composition, and such carbon black is to be 

included in the aforesaid amount of carbon black for the rubber composition formulation. Typical amounts of tackifier 

^if^^TTL 86 f ^ Ut u° t t0 3bOUt 10 USUa " y about 1 to about 5 P hr " T yP ical amourrts ^ Processing aids 
comprise about 1 to about 50 phr. Such processing aids can include, for example, aromatic, napthenic. and/or paraffinic 
processing oils. Typical amounts of antioxidants comprise about 1 to about 5 phr. Representative antioxidants may be 
tor example d,phenyl-p-phenylenediamine and others, such as. for example, those disclosed in the Vanderh.lt Rnhh^ 

Handbook (1978). pages 344-346. Typical amounts of antiozonants comprise about 1 to 5 phr 

Typical amounts of fatty acids, if used, which can include stearic acid, palmitic acid, linoleic acid or mixtures of one 
or more fatty acids, can comprise about 0.5 to about 3 phr. 

Often stearic acid is used in a relatively impure state and is commonly referred to in the rubber compounding prac- 
tice as stearic acid" and is so referred to in the description and practice of this invention 

Typjcal amounts of zinc oxide comprise about 2 to about 5 phr. Typical amounts of waxes comprise about 1 to about 
5 phr. Often microcrystalline waxes are used. Typical amounts of peptizers, if used, comprise about 0. 1 to about 1 phr 
Typical peptizers may be. for example, pentachlorothiophenol and dibenzamidodiphenyl disulfide 
inn vulcaniatK>« is conducted in the presence of a sulfur vulcanizing agent. Examples of suitable sulfur vulcaniz- 
nlnf "7 !J f lemental su,fur (free sulfur) or sulfUr donating vulcanizing agents, for example, an amine disulfide 
KTSf?^ ° r S « lfUr °' e,in addUCtS - Preferabl * the sulfur vulcanizing agent is elemental sulfur. As known to 
™L ? S ' v "'canizing agents are used in an amount ranging from about 0.5 to about 4 phr, or even 

2 5, b^?ng'XXS CSS ' ^ t0 ***** 8 ^ ^ * ra " 9e °' fr ° m 1 5 10 abOUt * 5> sometimes ,rom about 2 to about" 
Accelerators are used to control the time and/or temperature required for vulcanization and to improve the proper- 
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ties of the vulcanizate. In one embodiment, a single accelerator system may be used, i.e.. primary accelerator. Conven- 
tionally and preferably, a primary acceierator(s) is used in total amounts ranging from about 0.5 to about 4, preferably 
about 0.8 to about 2, phr. In another embodiment, combinations of a primary and a secondary accelerator might be 
used with the secondary accelerator being used in amounts of about 0.05 to about 3 phr in order to activate and to 
improve the properties of the vulcanizate. Combinations of these accelerators might be expected to produce a syner- 
gistic effect on the final properties and are somewhat better than those produced by use of either accelerator alone In 
addition, delayed action accelerators may be used which are not affected by normal processing temperatures but pro- 
duce a satisfactory cure at ordinary vulcanisation temperatures. Vulcanization retarders might also be used. Suitable 
types of accelerators that may be used in the present invention are amines, disulfides, guanidines, thioureas, thiazoles 
thiurams. sulfenamides. dithiocarbamates and xanthates. Preferably, the primary accelerator is a sulfenamide If a sec- 
ond accelerator is used, the secondary accelerator is preferably a guanidine, dithiocarbamate or thiuram compound 
The presence and relative amounts of sulfur vulcanizing agent and accelerator* s) are not considered to be an aspect 
of this invention which is more primarily directed to the use of the prescribed hydrophobating agent in combination with 
a silica coupler in a silica reinforced rubber composition. 

The presence and relative amounts of the other additives, as hereinbefore described, are not considered to be an 
aspect of the present invention which is more primarily directed to the utilization of the prescribed hydrophobating agent 
in combination with a silica coupler in a silica reinforced rubber composition. 

The mixing of the rubber composition can be accomplished by methods known to those having skill in the rubber 
mixing art. For example, the ingredients are typically mixed in at least two stages, namely, at least one non-productive 
stage followed by a productive mix stage. The final curatives are typically mixed in the final stage which is conventionally 
called the "productive" mix stage in which the mixing typically occurs at a temperature, or ultimate temperature, lower 
than the mix temperature(s) than the preceding non-productive mix stage(s). The rubber, silica, silica coupler silica 
hydrophobating agent, and carbon black if used, are mixed in one or more non-productive mix stages. The terms "non- 
productive" and "productive" mix stages are well known to those having skill in the rubber mixing art. 

The rubber composition of this invention can be used for various purposes. For example, it can be used for various 
tire compounds. Such tires can be built, shaped, molded and cured by various methods which are known and will be 
readily apparent to those having skill in such art. 

The invention may be better understood by reference to the following examples in which the parts and percentages 
are by weight unless otherwise indicated. 

EXAMPLE I 
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In this Example, the silane-containing hydrophobating agent was evaluated as a component of compounding ingre- 
dients for a quantitatively silica reinforced elastomer composition. 

Rubber compositions containing the materials set out in Table 1 were prepared in a Kobe™ internal mixer using two 
separate stages of addition (mixing), and one remill stage, namely, one non-productive mix stage, one remill mix stage 
and a productive mix stage to temperatures of 160°C, 140°C and 100°C and times of 9 minutes, 1 .3 minutes and 2 min- 
utes, respectively. The amount of hydrophobating agent is listed as being "variable" in Table 1 and is more specif icallv 
set forth in Table 2. 

In this Example, the alkyl alkoxysilane was added in the first non-productive mixing stage about three minutes after 
the silica and silica coupler were added and mixed with the rubber mixture. For the first non-productive mixing, the rub- 
ber mixture reached the temperature of about 160°C in about 2 minutes and was allowed to continue to be mixed at 
about 160° for an additional seven minutes. For the second non-productive mixing stage in an internal mixer, referred 
to above as a remill stage, the rubber mixture was simply mixed for about 1.3 minutes until the temperature of about 
140°C was reached without adding any additional ingredients. 

The silane-containing coupling agent is used herein to obtain suitable cured properties in the silica containing rub- 
ber compound. Such properties include the 300% modulus, rebound, and particularly tangent delta at 0°C and at 60°C 
In comparison with Sample 1 , Sample 2. which was prepared with addition of 3 phr hydrophobating agent, clearly 
shows the processing advantages of lower mix work and lower compound viscosity, plus the cured property advantages 
in low and high temperature hysteresis and modulus. In particular, the tire tread performance indicator properties of 
Sample 2, which contains 3.0 phr hydrophobating agent, are better than those of Sample 1 . namely, the 300% modulus 
ts greater, indicative of improved reinforcement and treadwear potential, the tangent delta at 0°C is higher indicative of 
improved traction potential, and the 100°C rebound is higher as well as the tangent delta at 60°C is lower, both indica- 
tive of improved (reduced) rolling resistance potential. 



BNSDOCID: <EP_ . 086460SA2J„> 



7 



EP 0 864 605 A2 



Table 1 



Non-Productive Mix Staqes 


E-SBR 1 




IBR 2 




Cis 1.4-Polybutadiene 3 


on 


NR 4 


1U 


Processing Oils, Waxes 


OA Q 


Zinc Oxide 


2.5 


Fatty Acid 


3 


Antioxidants 5 


3 


Silica 6 


80 


Bis-(3-triethoxylsilylpropyl) tetrasulfide 7 


12.8. 


NOctadecyl Trimethoxysilane 8 


variable 


Productive Mix St^qe 


Sulfur 


1.4 


Accelerators, sulfenamide and guanidine types 


3.7 



1 ) Emulsion polymerization prepared styrene/butadierte copolymer 
rubber having a styrene content of about 40 percent obtained from 
The Goodyear Tire & Rubber company; 

2) isoprene/butadiene copolymer rubber containing about 50 per- 
30 cent isoprene and having a Tg of about -43°C obtained from the 

Goodyear Tire & Rubber Company; 

3) cis 1 ,4-polybutadiene rubber obtained as Budene 1254 from The 
Goodyear Tire & Rubber Company; 

4) natural cis 1 ,4-polyisoprene rubber; 

5) of the phenylene diamine types; 

35 6) silica obtainable as 21 1 65MP from Rhone Poulenc; 

7) a composite commercially available from Oegussa A.G. as X50S 
in a form of a 50/50 blend of bis-(3-triethoxysilylpropyt) tetrasulfide 
(said tetrasulfide also available as Si69 from Degussa A.G.) with 
carbon black and, thus, the tetrasulfide is considered as being 50% 

40 of the composite. Technically, the tetrasulfide is understood to be 

an organosilane polysulfide as a composite, or mixture, in which 
the average polysulfide bridge contains about 3.5 to about 4 con- 
necting sulfur atoms, although the mixture may contain such 
polysutfides with about 2 to about 0 connecting sulfur atoms; 

8) obtained as Sit 1 8 from Degussa A.G. 

45 
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Table 2 



Samole No. 


1 


2 


N-Octadecyl Trimethoxysilane 


0 


3 


Rheometer (15Q-C) 


Max. Torque. dNmy 


40.00 


41.20 


Min. Torque, dNm 


9.50 


11.40 


Delta Torque 


30.50 


29.80 


T 90 . minutes 


9.00 


9.20 


Stress-Strain 


300% Modulus. MPa 


10.81 


10.91 


Hysteresis 


Rebound (23°C) 


35 


39 


Rebound (100°C) 


58 


64 


Tan. Delta (60°C) 


.104 


.096 


Tan. Delta (0°C) 


.155 


.206 


Viscosity - Uncur«*i 


Mooney MS 1+1.5. 100°C 


52 


47 


Mixina Requirement 


Mix Work, MJ/m 3 


2807 


2518 



In particular, this Example shows that the hydrophobating agent n-octadecyl trimethoxysilane, as utilized in Sample 
No. 2, in conjunction with the silica coupler, can provide significant improvements in the treadwear. traction, and rolling 
resistance indicator properties when compared to control Sample No 1 which contains only the silica coupler without 
the hydrophobating agent. 

Example II 



The rubber compositions of Table 1 were prepared in a two-stage mixing procedure in a Kobe internal mixer using 
one non-productive mix stage and a productive mix stage to temperatures of 160*0 and 100°C, and times of 6 minutes 
40 and 2 minutes, respectively. Again, the amount of hydrophobating agent is listed as being variable in Table 1 and is 
given more specifically in Table 3. 

In this Example, the alkyl alkoxysilane was added in non-productive mixing stage about two minutes after the silica 
and silica coupler were added and mixed with the rubber mixture. For the non-productive mixing, the rubber mixture 
reached the temperature of about 160°C in about 2 minutes and was allowed to continue to be mixed at about 160° for 
45 an additional four minutes. For the productive mixing stage in which the sulfur and cure accelerators are added, the mix- 
ing continued until the temperature of about 100°C was reached. 

In comparison to Sample No. 3, Sample No. 4 of Table 3, which was prepared with addition of 6 phr hydrophobating 
agent, clearly shows advantages in cured properties including higher rebound, lower abrasion loss as measured by DIN 
abrasion test, and higher tan. delta at 0°C. which are indicative of better tire tread performance in rolling resistance. 
so treadwear, and traction, respectively 



Table 3 



Samole No. 


3 


4 


N-Octadecyl Trimethoxysilane 


0 


6 


Rebound (23°C) 


37 


41 



8NS0OCID: <6P 0864605A2_I_> 



9 



EP 0 864 605 A2 

Table 3 (continued) 



Samole No. 


3 


4 


Rebound (100°C) . 


60 


68 


OIN Abrasion, Rel. Wt Loss 


108 


102 


Tan. Delta. 0°C 


.T84 


.197 



EXAMPLE III 



Knhr U o? er ~ mpOSitions coding the materials set out in Table 4 and as described in Example I were prepared in a 

^0% and n tTr Q ; T° 9 T n0 "- p ; 0d . UCtive mix staae «* ■ Product*, mix stage, to temperatures of TSSS and 
100 C and bmes of 8 minutes and 2 m.nutes. respectively. The amounts of both silica coupler and hydroohobatino 
agent are listed as variable in Table 4 and are more specifically set forth in Table 5 "Vdrophobatong 

wrth Th! 1 ' 5 . Exam ? e - no , silane was added for ^P'e 5. and for Sample 6 the alkyl alkoxysilane was added concurrently 
with the silica and no silica coupler was added. concurrently 

Die r?7wh^' ( tn, hiCh "T"! 8 ° nly hydr °P hobatin 9 a 9 ent * 90 P* and no silica coupler, when compared to Sam- 
ple No. 5 which contains only s,l,ca coupler at 6.4 phr and no hydrophobating agent, clearly shows much interior^ 
forcing properties, including modulus. DIN abrasion resistance, and rebound 

neri^L?* ^* ? hy *J ophobatin 0 a 9 errt without si "'«> coupler is observed to be inferior in all the physical property 
o rrt i!r ° rS - By thS USe 01 h y dr °P h <*ating agent in combination with silica coupTe, -prided 

erg 1S t.c improvements ,n all the physical property indicators (Examples I and II above) 



Table 4 


Non-Productive Mix Ste^os 


S-SBR 1 


70 


Cis-l.4-Polybutadiene rubber 


30 


Processing Oil Waxes 


21.5 


Zinc Oxide 


2.5 


Fatty Acid 


3 


Antioxidants 


2 


Silica 


80 


Bis (3-tnethoxysilylpropyl) tetrasutfide (50% active) 


variable 


N-Octadecyl Trimethoxysilane 


variable 


Product^ Mix Srarjfi 


Sulfur 


1.4 


Accelerators, sulfenamide and guanidine types 


3.7 



' i — — r-— ■ Mifi«i(«it/uiauicue i»ufjuiy~ 

mer elastomer containing about 12 percent styrene and having a Tg of 
about -43°C. obtainable as Solflex 1216 from The Goodyear Tire & 
Rubber Company. 

The remainder of the ingredients recited in Table 4 are similar or the same as those recited in Table 1 

reocn^Z ^'Tf = e *? o° mer com P° sitions recited in Table 4 are reported in the following Table 5 and 
reported herein as Sample No. 5 and Sample No. 6. 



Table 5 



Sample No. 


5 


6 


Bis (3-tnethoxysilypropyl) tetrasutfide (50% active) 


12.80 


0 
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Table 5 (continued) 



Sample No. 


5 


6 


N-octadecyl trimethoxysilane 


0 


9.00 


300% Modulus. MPa 


10.61 


2.44 


Rebound (23°C) 


41 


32 


DIN Abrasion, Rel. Wt Loss 


87 


337 



EXAMPLE IV 



Rubber compositions containing the materials set out in Table 4 and as described in Example I were prepared with 
variable combinations of silica coupler and different hydrophobating agents. The amounts of these materials are spe- 
cifically set forth in the following Table 6. s»pe 

In this Example, the alkyl alkoxysilane was added about one half minute after the silica and silica coupler had been 
added and mixed with the rubber mixture. 

Samples 8. 9. 10 and 1 1 represent blends of silica coupler and hydrophobating agent, whereas Sample No 7 con- 
tains only the silica coupler without the hydrophobating agent. 

In Samples 8 and 9. one-half of the silica coupler is replaced by an equal weight of either of two hydrophobatina 
agents, n-octadecyl trimethoxysilane or n-octyl triethoxysilane. 

In Samples 10 and 1 1. one-fourth of the silica coupler is replaced by an equal weight of either of the two above 
hydrophobating agents. 

The cured physical properties of Samples 8-1 1 are generally inferior to those of Sample No. 7 which uses the silica 
coupler in absence of the hydrophobating agent. Specifically, the abrasion loss is greater in all cases and the 300% 
modulus is lower in all cases for Samples 8-11. Thus, despite the fact that the tan. delta at 0'C and the 100«C rebound 
values are similar for Samples 2-5 versus Sample No. 7. the overall tire tread performance of Samples 8-1 1 is consid- 
ered to be mfenor to that of Sample No. 7 as indicated by the aforesaid reduction in abrasion loss and reduction in the 
modulus. 

The data in these Examples demonstrate that the use of hydrophobating agent in addition to silica coupler as 
shown m previous Examples I and II. provided relatively unexpected synergistic improvements in many silica reinforced 
rubber compound properties indicative of better tire tread rolling resistance, traction and treadwear performance 

In contrast, the data from the previous Example III demonstrate that a use of a hydrophobating agent in place of 
silica coupler in a silica reinforced elastomer composition provided inferior results. 

Likewise, the data in Example IV also demonstrate that partial substitution of the hydrophobating agent for a silica 
coupler m a silica reinforced elastomer composition was not desirable and gave inferior cured rubber compound proD- 
erties. M K 
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Table 6 



SarriDle No. 


1 


2 


3 


4 


5 


Bis (3-triethoxysilylpropyl) tetrasulfide 


6.4 


3.2 


3.2 


4.8 


4.8 


N-Octadecyl trimethoxysilane 


0 


3.2 


0 


1.6 


0 


N-octyl triethoxysilane 1 


0 


0 


3.2 


0 


1.6 


300% Modulus. MPa 


10.6 


6.1 


7.1 


8.6 


8.7 


Rebound (lOO'C) 


60 


60 


59 


61 


60 


DIN Abrasion, Relative Weight Loss 


87 


124 


104 


93 


92 


Tan. Delta 0°C 


.174 


.172 


.189 


.172 


.182 
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While certain representative embodiments and details have been shown for the purpose of illustrating the inven- 
tion, it will be apparent to those skilled in this art that various changes and modifications may be made therein without 
departing from the spirit or scope of the invention. 
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Claims 

1. A rubber composition characterized by being comprised of (A) 100 parts by weight of at least one diene-based 
elastomer. (B) about 45 to about 90 phr particulate reinforcing filler composed of silica and carbon black, composed 
of about 35 to about 85, phr of precipitated silica and correspondingly about 5 to about 40, phr of carbon black 
wherein the weight ratio of silica to carbon black is at least about 1/1 . (C) at least one silica coupler having a moiety 
reactive with said silica and a moiety interactive with said elastomer(s). (D) about 0.5 to about 5, phr of silica-reac- 
tive, silane containing hydrophobating agent wherein the molar ratio based on silane functionality of hydrophobat- 
mg agent to silica coupler is in a range of about 0.1/1 to 2.0/1 ; wherein said hydrophobating agent is an alkyl alkoxy 
silane of the general formula: R n (R'0) m Si where R and R' are individually selected from the group consisting of 
primary, secondary and tertiary alkyl radicals and alkaryl radicals having 1-30 carbon atoms; n and m are whole 
integers from 1 -3 such that the sum of n and m is 4. 

2. The rubber composition of claim 1 characterized in that said hydrophobating agent is selected from at least one of 
n-octyl triethoxysilane, n-hexadecyl triethoxysilane. n-octadecyl trimethoxysilane. n-octadecyl triethoxysilane and 
methyl n-octyl diethoxysilane. 

3. The rubber composition of any of the preceding claims characterized in that the silica coupler is a bis-(trialkoxysi- 
lylorgano) polysutf ide containing from about 2 to about 8 sulfur atoms in the polysulfide bridge. 



4. The rubber composition of claim 3 characterized in that the said silica coupler is selected from at least one of: 
2,2 , -bis(trimethoxysilylethyl) polysulfide; 3,3'-bis(trimethoxysilylpropyl) polysulfide; 3,3MDis(triethoxysilylpropyl) 
polysulfide; 2,2 , -bis(triethoxysilylethyl) polysulfide; 2,2'-bis(tripropoxysilylethyl) polysulfide; 2.2'-bi(tri-sec-butoxysi- 
lylethyl) polysulfide; bis(triethoxysilylethyltolyl) polysulfide; bis(trimethoxysilylethyltolyl) polysulfide; 2 2'-bis(2*-ethyl- 
25 hexoxysilylethyl) polysulfide; 2,2'-bis(dimethoxy ethoxysilylethyl) polysiiffide- 3 3'- 

bis(methoxyethoxypropoxysilylpropyl) polysulfide; S.S'-bisfmethoxy dimethylsilylpropyl) polysulfide; 33'- 
bis(cyclohexoxy dimethylsilylpropyl) polysulfide; 4,4'-bis(trimethoxysilylbutyl) polysulfide; 3,3'-bis(tnmethoxysilyl-3- 
methylpropyl) polysulfide; 3,3'-bis(tripropoxysiiyl-3-methylpropyl) polysulfide; 3.3'-bis(dimethoxy methylsilyl-3-ethyl- 
propyl) polysulfide; S^'-bisOrimethoxysilyl^-methylpropyl) polysulfide; S.S'-bistdimethoxyphenylsilyl^-methylpro- 
pyl) polysulfide; 3.3'-bis (trimethoxysilylcyclohexyl) polysulfide; 12.12'-bis (trimethoxysilyldodecyl) polysulfide 
12,l2*-bis (triethoxysilyldodecyl) polysulfide; 18,18'-bis (trimethoxysilyloctadecyl) polysulfide; 18.18'-bis (methoxy- 
dimethylsilyloctadecyl) polysulfide; 2,2-bis (trimethoxysilyl-2-methylethyi) polysulfide; 2,2'-bis (triethoxysilyl-2- 
methylethyl) disulfide; 2,2'-bis (tripropoxysilyl-2-methylethyl) polysulfide; and 2,2*-bis(trioctoxysiM-2-methylethyl) 
polysulfide. 
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A tire characterized by having a tread of the rubber composition of any of the preceding claims. 
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